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FIG. 3

NUMBER ﬁ‘;ﬁ;‘i’ULUT'ONS OVERCURRENT LEVEL [%)]
0~2000 300
2000~3000 260
3000~4000 200
4000~35000 150
5000~6000 100
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FIG. 8
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FIG. 11
RELATED ART
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FIG. 12
RELATED ART
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1
POWER CONVERSION APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a power conversion appa-
ratus having a function of protecting a motor drive inverter
from an overcurrent.

2. Background Art

Generally, an overcurrent protection function is provided
in an inverter for the purpose of protecting the inverter from
an overcurrent. Although an overcurrent detection level in
this case can be determined in accordance with an allowable
current of semiconductor switching devices such as IGBT’s
(Insulated Gate Bipolar Transistors) which are constituent
parts of the inverter, the overcurrent detection level is gener-
ally fixed in an inverter for a variable speed use.

Almost all vehicle drive motors in hybrid automobiles or
electric automobiles are controlled in such a manner that a
constant torque region in which the torque is constant is
provided when the number of revolutions is less than a certain
revolution number n; (e.g. n,;=1500 [r/min.]), and that a con-
stant output region in which the output is constant is provided
when the number of revolutions is equal to or larger than the
revolution number n,, as shown in FIG. 7. When a permanent
magnet synchronous motor such as an interior permanent
magnet synchronous motor is used as this type motor, the
current is not completely proportional to the torque but
decreases as the necessary torque decreases. That is, accord-
ing to the characteristic of FIG. 7, the current decreases as the
number of revolutions increases.

Consider now the case where a state in which the current of
the motor reaches 300[ %] of the rated current is detected as an
overcurrent. If a permanent magnet synchronous motor is
used, the no-load induced voltage in the case where the num-
ber of revolutions is 6000 [r/min.] is four times as large as that
in the case where the number of revolutions is 1500 [r/min.].
That is, when the inverter is stopped in an emergency during
overcurrent detection, regenerative energy becomes larger as
the motor rotates at a higher speed. When the inverter is
stopped in an emergency in this manner during high-speed
rotation of the motor, large energy is regenerated to a DC-side
capacitor of the inverter. As a result, there is a possibility that
the capacitor will be broken down by an overvoltage applied
on the capacitor.

Here, when all gates of the inverter are shut off to stop the
inverter in an emergency while the motor rotates, the state in
which the voltage of the capacitor increases is confirmed by a
simulation and a result thereof will be therefore described.

FIG. 8 is a circuit diagram of a power conversion apparatus
used in the simulation. In FIG. 8, the reference sign 10 des-
ignates a DC power supply; 20, a power supply cut-off
switch; 30, a capacitor; 40, a three-phase voltage type inverter
having semiconductor switching devices bridge-connected;
60, a controller; 61, a current detecting unit; 65, a gate signal
generating unit; M, a three-phase motor driven by the inverter
40; P and N, DC input terminals of the inverter 40; and U, V
and W, AC output terminals.

In FIG. 8, the power supply cut-off switch 20 is opened in
the condition that the motor M is driven by the inverter 40 and,
at the same time, all the semiconductor switching devices of
the inverter 40 are turned off (all the gates are shut off) by the
gate signal generating unit 65. Incidentally, the rated output of
the motor M is 20 [kW], the no-load induced voltage at the
revolution speed of 8000 [r/min.] is 519 [V], the rated current
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is 60 [A], the DC intermediate voltage (the voltage of the
capacitor 30) is 650 [V], and the capacitance value of the
capacitor 30 is 400 [uF].

FIG. 9 is a simulation result when all the gates are shut off
while the motor M is operated at 40 [kW] which is twice as
large as the rated output. The current of the motor M is 49 [A]
(about 82[ %] of the rated current). It is found from FIG. 9 that
the voltage of the capacitor 30 increases to about 812 [V]
because all the gates are shut off.

Next, FIG. 10 is a simulation result when all the gates are
shut oft while the motor M is operated at 120 [A] which is
twice as large as the rated current. It is found from FIG. 10 that
the voltage of the capacitor 30 increases to about 961 [V]
because all the gates are shut off.

As described above, when all the gates of the inverter 40 are
shut off while the motor M rotates at a high speed, a high
voltage is applied on the capacitor 30. Accordingly, assuming
that, for example, the withstand voltage of the capacitor 30 is
900 [V], then there is a possibility that the capacitor 30 will be
broken down because a voltage not lower than the withstand
voltage is applied on the capacitor 30 when all the gates are
shut off in the case as shown in FIG. 10.

Some inverters have a current limiting function in addition
to the overcurrent protection function. Here, the current lim-
iting function is a function by which the current is suppressed
so that a current equal to or larger than a preset current limit
level does not flow while operation of the inverter is contin-
ued.

As a background-art technique provided with the current
limiting function, there is known a power conversion appara-
tus described in PTL 1 (identified further on). The power
conversion apparatus has a function of adjusting a current
limit level so that an inverter is not stopped due to an over-
current when failure such as momentary interruption of an AC
power supply (hereinafter referred to as “momentary inter-
ruption” simply) occurs and power is then recovered to restart
a motor.

FIG. 11 shows the background-art technique according to
PTL 1. The reference sign 100 designates an AC power sup-
ply; 200, a main circuit part of a power conversion apparatus;
201, a rectifier circuit; 202, a capacitor; 203, an inverter
circuit; 301, a current detector; 302, a current limit level
calculator; 303, a comparison device; 304, a phase detector;
and 305 and 306, gate controllers.

Operation of FIG. 11 will be described briefly as follows.
When, for example, failure such as momentary interruption of
the AC power supply 100 occurs, the gate controller 305 stops
the rectifier circuit 201 and the gate controller 306 stops the
inverter circuit 203. In addition, the gate controller 306 cal-
culates a frequency command of the inverter circuit 203 for
restarting, based on the phase of the motor M detected by the
phase detector 304. When the power of the AC power supply
100 is then recovered, the gate controllers 305 and 306 restart
the rectifier circuit 201 and the inverter circuit 203.

On this occasion, the comparison device 303 compares an
output current of the inverter circuit 203 with a current limit
level calculated from a predetermined function by the current
limit level calculator 302 in accordance with each phase
based on a speed command. The gate controller 306 gate-
blocks only the phase which has reached the current limit
level for a predetermined period to thereby prevent the output
current of the inverter circuit 203 at the phase from becoming
excessive.

In this manner, even when the current at a certain phase
reaches the current limit level, the power conversion appara-
tus can be operated continuously.
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CITATION LIST

Patent Literature

PTL 1: Japanese Patent No. 3773798 (paragraphs [0012]-
[0014], FIGS. 1 and 2)

Technical Problem

FIG. 12 is a waveform chart showing the speed command,
the current limit level, the output current of the inverter cir-
cuit, and the input current of the rectifier circuit in PTL 1. The
“control switching period” in FIG. 12 indicates a period from
occurrence of failure due to momentary interruption etc. to
restart.

Asisapparent from FIG. 12, the current limit level changes
with the same tendency as the speed command in PTL 1.

Here, in the vehicle drive system for a hybrid automobile or
an electric automobile, when current limiting is imposed at
the restart of the motor drive inverter, large torque is not
required while the motor rotates at a high speed, so that the
current value of the motor may be small. However, as shown
in FIG. 12, when the current limit level is determined in
accordance with the size of the speed command, the current
limit level becomes large as the speed command becomes
large, so that the output current of the inverter circuit 203 at
the time of restart also becomes large.

Accordingly, because the method for determining the cur-
rent limit level according to the background art is not proper
and allows an output current larger than necessary at the time
of restart, there is a problem that the method is wasteful.

Therefore, an object of the invention is to provide a power
conversion apparatus which is configured so that an overcur-
rent level of an inverter is changed in accordance with the
rotation speed of a motor to prevent a DC-side capacitor from
being broken down by the overvoltage when the inverter is
stopped in an emergency during high-speed rotation of the
motor.

Another object of the invention is to provide a power con-
version apparatus which can determine a current limit level
most suitable to a vehicle drive system for a hybrid automo-
bile or an electric automobile.

SUMMARY

In order to achieve the foregoing objects, the invention is
applied to a power conversion apparatus in which, for
example, a permanent magnet synchronous motor is driven
by an inverter having a DC side to which a parallel circuit
having a DC power supply and a capacitor is connected.
Particularly, the power conversion apparatus according to the
invention is preferably applied to a vehicle drive system for a
hybrid automobile or an electric automobile.

In the invention, a controller for controlling semiconductor
switching devices of the inverter has a current detecting unit,
an overcurrent level determining unit, a current comparing
unit and a drive signal generating unit, and may further have
a current limit level determining unit if occasion demands.

The current detecting unit detects an output current of the
inverter. The overcurrent level determining unit determines
an overcurrent level for stopping operation of the inverter in
accordance with a value corresponding to the number of
revolutions of the motor. Here, the value corresponding to the
number of revolutions of the motor may be any one of a
detected value of the number of revolutions, an estimated
value of the number of revolutions or a commanded value of
the number of revolutions of the motor.
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The current comparing unit compares a detected output
current value of the inverter outputted from the current detect-
ing unit with the overcurrent level determined by the overcur-
rent level determining unit. When the current limit level deter-
mining unit is provided, the detected output current value is
further compared with a current limit level.

The current limit level determining unit determines a cur-
rent limit level for limiting the output current of the inverter in
accordance with the value corresponding to the number of
revolutions of the motor.

The drive signal generating unit generates a signal for
turning off all the semiconductor switching devices of the
inverter when the current comparing unit makes determina-
tion that the detected output current value has reached the
overcurrent level. The drive signal generating unit further
generates a signal for limiting the output current of the
inverter at a certain phase when the current comparing unit
makes determination that the detected output current value at
the phase has reached the current limit level. Here, to limit the
output current, switching at the phase may be stopped or the
width of a pulse for turning on the semiconductor switching
devices at the phase may be shortened.

Itis desirable that the overcurrent level and the current limit
level become lower in terms of value as the value correspond-
ing to the number of revolutions becomes higher in a constant
output region of the motor. In addition, it is desirable that the
current limit level is lower in terms of value than the overcur-
rent level in the whole range of the value corresponding to the
number of revolutions of the motor.

Advantage Effects of Invention

According to the invention, the overcurrent level and the
current limit level for protecting the inverter are reduced as
the number of revolutions of the motor increases. Thus,
regenerative energy generated when the inverter is stopped in
an emergency during high-speed rotation of the motor can be
reduced so that the voltage applied on the DC-side capacitor
can be reduced to prevent the capacitor from being broken
down.

By setting the current limit level to be lower than the
overcurrent level, a current larger than necessary is prevented
from flowing in the motor when the inverter is restarted after
an emergency stop. Thus, there is an effect that the loss is
reduced to improve the efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a first embodiment of
the invention.

FIG. 2 is a graph showing the relation between the number
of revolutions of a motor and an overcurrent level in the first
embodiment.

FIG. 3 is a table showing the relation between the number
of revolutions of the motor and the overcurrent level in the
first embodiment.

FIG. 4 is a circuit diagram showing a second embodiment
of the invention.

FIG. 5 is a graph showing the relation among the number of
revolutions of a motor, an overcurrent level and a current limit
level in the second embodiment.

FIG. 6 is a table showing the relation among the number of
revolutions of the motor, the overcurrent level and the current
limit level in the second embodiment.

FIG. 7 is a graph showing the relation between the number
of revolutions of a motor and torque.
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FIG. 8 is a circuit diagram of a power conversion apparatus
used in a simulation.

FIG. 9 is a waveform chart showing a simulation result in
the case where all gates of an inverter are shut off.

FIG. 10 is a waveform chart showing a simulation result in
the case where all the gates of the inverter are shut off.

FIG. 11 is a circuit diagram of a background-art technique
according to PTL 1.

FIG. 12 is a waveform chart showing operation of the
circuit in FIG. 11.

DETAILED DESCRIPTION

Embodiments of the invention will be described below in
accordance with the drawings. First, FIG. 1 is a circuit dia-
gram showing a first embodiment of the invention.

In FIG. 1, the reference sign 10 designates a DC power
supply such as a battery which is provided so that a capacitor
30 is connected between opposite ends of the DC power
supply. DC input terminals P and N of a voltage type inverter
40 are connected to opposite ends of a parallel circuit having
the DC power supply 10 and the capacitor 30. The inverter 40
is formed so that semiconductor switching devices 41 to 46
such as IGBT’s (Insulated Gate Bipolar Transistors) provided
with free wheel diodes respectively are bridge-connected.
The semiconductor switching devices are not limited to
IGBT’s but may be ordinary bipolar transistors, FET’s (Field
Effect Transistors) or the like.

AC output terminals U, V and W of the inverter 40 are
connected to respective phase input terminals of a three-phase
motor M through a current detecting unit 61 such as a current
transformer. Here, the motor M is, for example, an interior
permanent magnet synchronous motor.

A controller 60A is provided for turning on/off the semi-
conductor switching devices 41 to 46 of the inverter 40. The
controller 60A includes the current detecting unit 61, a revo-
Iution number detecting unit 62, an overcurrent level deter-
mining unit 63, a current comparing unit 64, and a gate signal
generating unit 65 serving as a drive signal generating unit.
Incidentally, a main part of the controller 60A can be achieved
by a CPU (Central Processing Unit) or DSP (Digital Signal
Processor) and a predetermined program.

The current detecting unit 61 detects an output current of
the inverter 40 phase by phase. The revolution number detect-
ing unit 62 detects the number of revolutions of the motor M.
The overcurrent level determining unit 63 determines an
overcurrent level in accordance with the number of revolu-
tions of the motor M as will be described later. The current
comparing unit 64 compares the overcurrent level with a
current value detected by the current detecting unit 61 phase
by phase so that an overcurrent detection signal is outputted to
the gate signal generating unit 65 when the output current of
the inverter 40 has reached the overcurrent level.

Upon reception of the overcurrent detection signal, the gate
signal generating unit 65 generates and outputs a gate signal
for shutting off all the gates of the inverter 40.

Although the first embodiment shows the case where the
number of revolutions of the motor M is detected by the
revolution number detecting unit 62, the number of revolu-
tions may be estimated by a well-known method, such as a
method of estimating the number of revolutions based on an
induced voltage of the motor M, so that the estimated value of
the number of revolutions may be inputted to the overcurrent
level determining unit 63 when so-called sensorless control is
performed without use of the revolution number detecting
unit 62. A commanded value of the number of revolutions
may be inputted to the overcurrent level determining unit 63
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in place of the detected value of the number of revolutions or
the estimated value of the number of revolutions.

FIGS. 2 and 3 show the relation between the number of
revolutions of the motor M and the overcurrent level in the
first embodiment.

Characteristic shown in FIG. 2 is similar to revolution
number-torque characteristic in FIG. 7. For example, the
characteristic is provided so that 300% of the rated current is
regarded as an overcurrent level in a constant torque region
where the number of revolutions is less than a predetermined
value (n,=1500 [r/min.]), and that the overcurrent level is
reduced with the increase of the number of revolutions in a
constant output region where the number of revolutions is
equal to or larger than n,.

FIG. 3 shows an example for determining the overcurrent
level in accordance with the revolution number range. For
example, FIG. 3 shows the example where 300[%] of the
rated current is regarded as an overcurrent level in a revolu-
tion number range of 0 to 2000 [r/min.], and then, the over-
current level is reduced by 50[%] of the rated current when-
ever the number of revolutions increases by 1000 [r/min.].

The characteristics (the overcurrent level in accordance
with the number of revolutions) shown in FIGS. 2 and 3 are
stored in advance as numerical data or a table in a memory
(not shown) provided in the controller 60A in FIG. 1. The
overcurrent level determining unit 63 determines a predeter-
mined overcurrent level based on these characteristics and the
number of revolutions, and outputs the determined overcur-
rent level to the current comparing unit 64.

As described above, the current comparing unit 64 in FIG.
1 always compares the detected current value inputted from
the current detecting unit 61 with the overcurrent level deter-
mined by the overcurrent level determining unit 63 based on
FIG. 2 or FIG. 3. When the detected current value at a certain
phase has reached the overcurrent level, an overcurrent detec-
tion signal is sent to the gate signal generating unit 65 so that
all the semiconductor switching devices 41 to 46 of the
inverter 40 are turned off by the gate signal generating unit 65
to thereby stop the inverter 40 in an emergency.

As shown in FIG. 2, in the background art, the overcurrent
level is set at a predetermined value regardless of the number
of revolutions of the motor M. On the contrary, in accordance
with this embodiment, the overcurrent level is reduced as the
number of revolutions increases in the constant output region
of the motor M.

Therefore, the current of the motor M can be reduced when
the output current of the inverter 40 exceeds the overcurrent
level during high-speed rotation of the motor M to thereby
stop the inverter 40 in an emergency. Thus, regenerative
energy applied on the capacitor 30 is reduced so that there is
no possibility that the voltage of the capacitor 30 will increase
to break down the capacitor 30.

Next, FIG. 4 s a circuit diagram showing a second embodi-
ment of the invention.

The second embodiment is different from the first embodi-
ment in that a current limit level determining unit 66 is added
to a controller 60B. The output of the revolution number
detecting unit 62 is applied to the overcurrent level determin-
ing unit 63 and the current limit level determining unit 66 and
outputs of the overcurrent level determining unit 63 and the
current limit level determining unit 66 are inputted to the
current comparing unit 64. Incidentally, in the second
embodiment, an estimated value of the number of revolutions
or a commanded value of the number of revolutions may be
inputted to the overcurrent level determining unit 63 and the
current limit level determining unit 66 in place of the detected
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value of the number of revolutions outputted from the revo-
Iution number detecting unit 62.

Since the other configuration in FIG. 4 is the same as that in
FIG. 1, constituent members having the same functions as
those in FIG. 1 are referred to by the same signs as those in
FIG. 1, and description thereof will be omitted.

The main part of the controller 60B can be achieved by a
CPU or DSP and a predetermined program.

The current limit level determining unit 66 in FIG. 4 has a
function of determining a current limit level in accordance
with the number of revolutions of the motor M.

FIGS. 5 and 6 show the relation among the number of
revolutions of the motor M, the overcurrent level and the
current limit level in the second embodiment. In FIGS. 5 and
6, the relation between the number of revolutions of the motor
M and the overcurrent level is the same as that in FIGS. 2 and
3.

The current limit level in FIG. 5 has a characteristic in
which the current limitlevel is a constant value in the constant
torque region of the motor M and decreases gradually as the
number of revolutions increases in the constant output region.
The current limit level is set to be lower than the overcurrent
level in the whole range of the number of revolutions.

In addition, the characteristic shown in FIG. 6 is an
example in which 250 [%] of the rated current is regarded as
a current limit level in the revolution number range of 0 to
2000 [r/min.] and then the current limit level is reduced by
50[%] of the rated current whenever the number of revolu-
tions increases by 1000 [r/min.].

In the same manner as in the first embodiment, the charac-
teristics (the overcurrent level and the current limit level in
accordance with the number of revolutions) shown in FIGS. 5
and 6 are stored in advance as numerical data or a table in a
memory (not shown) provided in the controller 60B in F1G. 4.
The overcurrent level determining unit 63 and the current
limit level determining unit 66 outputs the overcurrent level
and the current limit level determined by the number of revo-
lutions of the motor M and the characteristics of FIGS. 5 and
6, to the current comparing unit 64.

The current comparing unit 64 always compares the
detected current value inputted from the current detecting unit
61 with the overcurrent level determined by the overcurrent
level determining unit 63 and with the current limit level
determined by the current limit level determining unit 66.
When the detected current value at a certain phase has
reached the current limit level, a command is sent to the gate
signal generating unit 65 to stop switching at the phase or to
shorten the width of the gate pulse for turning on the semi-
conductor switching devices so that current limit operation is
executed for limiting the size of the output current of the
inverter 40 at the phase.

Further, when the detected current value at a certain phase
inputted from the current detecting unit 61 has reached the
overcurrent level, an overcurrent detection signal is sent to the
gate signal generating unit 65 so that all the semiconductor
switching devices 41 to 46 of the inverter 40 are turned off by
the gate signal generating unit 65 to thereby stop the inverter
40 in an emergency.

According to the second embodiment, the current limit
level determining unit 66 is made to function so that the
current limit level decreases as the number of revolutions of
the motor M increases. Therefore, an overcurrent can be
prevented from flowing in the motor M when the inverter 40
stopped in an emergency during high-speed rotation of the
motor M is then restarted.
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Accordingly, it is possible to provide a power conversion
apparatus most suitable to a drive system, such as a vehicle
drive system for a hybrid automobile or an electric automo-
bile, in which the current value may be small without requir-
ing a large torque at the time of restart even when the motor M
rotates at a high speed.

INDUSTRIAL APPLICABILITY

The power conversion apparatus according to the invention
can be used not only for hybrid automobiles or electric auto-
mobiles but also for various drive systems using motors.

REFERENCE SIGNS LIST

10: DC power supply

30: capacitor

40: inverter

60A, 60B: controller

61: current detecting unit

62: revolution number detecting unit
63: overcurrent level determining unit
64: current comparing unit

65: gate signal generating unit

66: current limit level determining unit
M: motor

The invention claimed is:

1. A power conversion apparatus for driving an AC motor
by using an inverter having a DC side to which a parallel
circuit having a DC power supply and a capacitor is con-
nected, wherein a controller for controlling semiconductor
switching devices of the inverter includes:

a current detecting unit which detects an output current of

the inverter;

an overcurrent level determining unit which determines an
overcurrent level for stopping operation of the inverter in
accordance with a value corresponding to a number of
revolutions of the motor;

a current comparing unit which compares a detected output
current value of the inverter outputted from the current
detecting unit with the overcurrent level determined by
the overcurrent level determining unit; and

a drive signal generating unit which generates a signal for
turning off all the semiconductor switching devices of
the inverter when the current comparing unit makes a
determination that the detected output current value has
reached the overcurrent level,

wherein:

the overcurrent level determined by the overcurrent level
determining unit becomes lower in terms of value as the
value corresponding to the number of revolutions
becomes larger in a constant output region of the motor.

2. The power conversion apparatus of claim 1, wherein:

the value corresponding to the number of revolutions of the
motor is any one of a detected value of the number of
revolutions, an estimated value of the number of revo-
lutions or a commanded value of the number of revolu-
tions.

3. The power conversion apparatus of claim 1, wherein:

the value corresponding to the number of revolutions of the
motor is any one of a detected value of the number of
revolutions, an estimated value of the number of revo-
lutions or a commanded value of the number of revolu-
tions.

4. The power conversion apparatus of claim 1, wherein:

the inverter and the motor form a vehicle drive system for
a hybrid automobile or an electric automobile.
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5. The power conversion apparatus of claim 1, wherein:

the inverter and the motor form a vehicle drive system for
a hybrid automobile or an electric automobile.

6. The power conversion apparatus of claim 1, wherein: the

motor is a permanent magnet synchronous motor.

7. The power conversion apparatus of claim 1, wherein:

the motor is a permanent magnet synchronous motor.

8. A power conversion apparatus for driving an AC motor
by using an inverter having a DC side to which a parallel
circuit having a DC power supply and a capacitor is con-
nected, wherein a controller for controlling semiconductor
switching devices of the inverter includes:

a current detecting unit which detects an output current of

the inverter;

an overcurrent level determining unit which determines an
overcurrent level for stopping operation of the inverter in
accordance with a value corresponding to a number of
revolutions of the motor;

a current limit level determining unit which determines a
current limit level for limiting the output current of the
inverter in accordance with the value corresponding to
the number of revolutions of the motor;

acurrent comparing unit which compares a detected output
current value of the inverter outputted from the current
detecting unit with the overcurrent level determined by
the overcurrent level determining unit, and which com-
pares the detected output current value with the current
limit level determined by the current limit level deter-
mining unit; and

a drive signal generating unit which generates a signal for
turning off all the semiconductor switching devices of
the inverter when the current comparing unit makes a
determination that the detected output current value has
reached the overcurrent level, and which generates a
signal for limiting the output current of the inverter at a
certain phase when the current comparing unit makes a
determination that the detected output current value has
reached the current limit level;

wherein:
the overcurrent level determined by the overcurrent level

determining unit and the current limit level deter-
mined by the current limit level determining unit
become lower in terms of value as the value corre-
sponding to the number of revolutions becomes larger
in a constant output region of the motor.

9. The power conversion apparatus of claim 8, wherein:

the current limit level is lower in terms of value than the
overcurrent level in a whole range for the value corre-
sponding to the number of revolutions of the motor.

10. The power conversion apparatus of claim 8, wherein:

the drive signal generating unit generates a signal for stop-
ping switching at a certain phase of the inverter when the
detected output current value at the phase has reached
the current limit level.
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11. The power conversion apparatus of claim 8, wherein:

the drive signal generating unit generates a signal for short-
ening a width of a pulse for turning on the semiconductor
switching devices of the inverter at a certain phase when
the detected output current value at the phase has
reached the current limit level.

12. The power conversion apparatus of claim 8, wherein:

the overcurrent level determined by the overcurrent level
determining unit becomes lower in terms of value as the
value corresponding to the number of revolutions
becomes larger in a constant output region of the motor.

13. The power conversion apparatus of claim 8, wherein:

the motor is a permanent magnet synchronous motor.

14. The power conversion apparatus of claim 8, wherein
the overcurrent level and the current limit level in accordance
with the value corresponding to the number of revolutions of
the motor are stored in advance as numerical data in a memory
of the controller.

15. The power conversion apparatus of claim 14, wherein
the overcurrent level and the current limit level stored in
advance as numerical data in the memory of the controller are
defined as a plurality of values that decrease or increase in
steps of a fixed size and correspond respectively to fixed
ranges of the number of revolutions of the motor, and the steps
decrease as the fixed ranges increase, or increase as the fixed
ranges decrease.

16. An apparatus, comprising:

a current detecting device configured to detect a current;

and

an overcurrent protection device configured to stop or
inhibit an overcurrent condition based at least in part on
the detected current and a motor speed;

wherein the overcurrent protection device is configured to
lower a threshold for determining that an overcurrent has
occurred in response to an increase in the motor speed;
and

wherein the overcurrent protection device comprises:

a comparison device configured to compare the detected
current to a current threshold and output a comparison
signal; and

an overcurrent determination device configured to supply a
range of current thresholds to the comparison device for
comparison with the detected current;

wherein values in the range of current thresholds decrease
with increasing values of the motor speed.

17. The apparatus of claim 16, wherein the overcurrent

protection device further comprises:

an overcurrent inhibiting device configured to stop or
inhibit a current in response to the comparison signal
indicating that an overcurrent has occurred.

18. The apparatus of claim 17, wherein the motor includes

a three-phase AC motor.

19. The apparatus of claim 18, wherein the overcurrent
inhibiting device is configured to stop or inhibit the current by
turning off at least one switch of an inverter that drives the
motor.



